Thin film solid oxide fuel cells are expected to lower operating temperature. Silicon substrate is well suited to fabricate a window structure, which is necessary for depositing electrodes on both side of an electrolyte film. However, cracks occur because of a thermal expansion coefficient mismatch between silicon and the electrolyte material. In order to suppress the cracks, lowering of growth temperature is desirable. In this paper, we focus on the crystallinity and ionic conductivity of 8-mole% yttria-stabilized zirconia (8YSZ) thin films deposited at low temperature.
INTRODUCTION
Recently, a significant amount of research has been devoted to solid oxide fuel cells (SOFCs). Because of high efficiency and high exhaust heat recovery temperature, SOFCs are attractive for use in cogeneration systems and local power generation system. The SOFCs require high operating temperature (700 -1000 °C) and SOFCs have some problems, such as destruction of SOFCs attributed to thermal stress caused by an extreme temperature distribution. The reduction of the operating temperature of SOFCs is an important objective.
Thin film SOFCs has recently attracted considerable interest [1] [2] [3] [4] [5] . Because, reducing membrane thickness can significantly reduce ohmic losses. For depositing electrodes on both sides of an electrolyte, such as yttria-stabilized zirconia (YSZ), silicon-based micro electro mechanical systems technology is well suited to fabricate thin film SOFCs. However, cracks occurs because of a thermal expansion coefficient mismatch between silicon and the electrolyte material. In order to suppress the cracks, lowering of growth temperature is desirable. In this paper, we focus on the crystallinity and ionic conductivity of 8-mole % YSZ (8YSZ) thin films deposited at low temperature.
Experiments
The 8YSZ thin films were deposited using a pulsed laser deposition (PLD) utilizing an ArF excimer laser source operated at 200 mJ and repetition rate was 5 Hz. We used commercial 8-mol% YSZ target. Firstly, we tried to deposit 8YSZ films on SiO 2 /Si substrates. For comparison, we also used sapphire (0001) substrates. Secondly, we deposited 8YSZ films on Pt (30 nm)/Ti (10 nm)/SiO 2 /Si substrates. Pt and Ti layers were deposited by a radio frequency magnetron sputtering.
The base pressure of the PLD chamber was in the 10 -6 Torr range. The deposition was done at a substrate temperature of 200 -700 in O 2 at 40 -100 mTorr. The target-substrate distance is 26 mm, which is almost the same as the height of the plasma plume. After the deposition, the samples were cooled to room temperature. The structure of the films was confirmed by X-ray diffraction (XRD) measurements at room temperature. The films morphology was examined by atomic force microscope (AFM: Nanoscope III, tapping mode).
The ionic conductivity measurement was performed by the complex impedance method at various temperatures under vacuum. The impedance spectra were obtained with Solartron 1260 in the frequency range of 10 Hz to 10 MHz. An Au layer was deposited 
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by sputtering as top electrodes, and a Pt layer was used as a bottom electrode. The top electrodes had dimensions of approximately 60 × 60 μm 2 . We used a semiconductor probe to connect the electrodes to the measurement system.
Results and discussion
Firstly, 8YSZ films were deposited on SiO 2 /Si substrates. We also deposited 8YSZ films on sapphire (0001) substrates for comparison. Thickness of the 8YSZ layer was ~200 nm. Figure 1 shows X-ray diffraction (XRD) patterns of the films deposited for various temperatures. Diffraction peaks of YSZ were observed for the diffraction pattern of the thin film deposited at 700 °C. The intensity of YSZ diffraction peak decreases as the growth temperature decreases. No diffraction peaks due to YSZ phases were observed in XRD patterns of the thin films deposited on Si substrates at low growth temperature. On the other hand, as shown in Fig. 2 , YSZ was crystallized on sapphire substrate at 200 °C. It was suggested that crystallization of the YSZ on Si substrates at low growth temperature might be possible. Consequently, we attempted to crystallize the YSZ film on Si substrates at low growth temperature by introducing buffer layers.
Pt and Ti layers were deposited by a radio frequency magnetron sputtering on Si substrates. Figure  3 shows XRD patterns of the YSZ films deposited on Pt/Ti/SiO 2 /Si substrates for various temperatures. The peaks due to YSZ crystal appeared in the XRD pattern of the film deposited at 200 °C. This result means that we successfully obtained a crystallized YSZ thin film by growth at low-temperature. In order to control crystallinity of the YSZ films, we varied deposition parameter, such as target-substrate distance, laser power, repetition frequency of the pulsed laser and chamber pressure. In this paper, we show only the results of the films deposited with various chamber pressures since the pressure most affected the crystallinity of the YSZ films. The chamber pressure was varied from 40 to 74 mTorr. Figure 4 shows XRD patterns of the YSZ films deposited for the chamber pressure of 74, 60 and 40 mTorr. Crystal structure of the films sensitively depends on the pressure. YSZ (111) grew at 74 mTorr. At 60 mTorr, YSZ (111) and (200) peaks were observed. When the pressure was decreased to 40 mTorr, YSZ (111) peak was observed. The other broad peak at 2q = 28 ° is unidentified.
The chamber pressure also affects the surface morphology of the YSZ thin films. Figure 5 AFM images of the surface of the thin films deposited for various chamber pressures. The grain diameter of the thin film deposited at 76 and 60 mTorr was ~100 nm. The grain size decreased with decreasing the chamber pressure and the grain size was ~50 nm. We confirmed that the films are not porous film by the AFM images. Figure 6 shows the Cole-Cole plot of the films at 300°C. The ionic conductivity of the film deposited in 74 mTorr could not be measured because a short circuit occurred. The ionic conductivity of the films deposited in 60 and 40 mTorr was 3.33 × 10 -7 and 1.25 × 10 -7 S/cm, respectively. We suggest from our results that the ionic conductivity correlate strongly with crystallinity of the electrolyte film. However it is necessary to increase the ionic conductivity. We will attempt to clarify the detailed correlation between the crystallinity and the ionic conductivity.
Conclusions
We successfully obtained the crystallized 8-mole % YSZ thin films on Pt/Ti/SiO 2 /Si substrates using the pulsed laser deposition. Atomic force microscope results show that the YSZ thin films were not porous film. The ionic conductivity of the films was in the 10 -7 S/cm range. As the next step, we will focuses our efforts on making free-standing YSZ membrane. 
